The coordinating chemistry of lanthanides, relevant to the biological, biochemical and medical aspects, makes a significant contribution to understanding the basis of application of lanthanides, particularly in biological and medical systems. The importance of the applications of lanthanides, as an excellent diagnostic and prognostic probe in clinical diagnostics, and an anticancer material, is remarkably increasing. Lanthanide complexes based X-ray contrast imaging and lanthanide chelates based contrast enhancing agents for magnetic resonance imaging (MRI) are being excessively used in radiological analysis in our body systems.
INTRODUCTION
Lanthanides, the fourteen chemically similar elements, as such occur only in traces in whole body assay analyses. The amount of lanthanides occurring in different organs shows significant accumulation of these metals, reported in kidney, liver, bones and spleen; however, the remaining organs contain only much smaller concentrations of lanthanides. The amount of lanthanides in eyes has been found to vary in a wide range. The most important and strikingly noticeable part of lanthanide biochemistry is the observation made in a number of studies that the concentration of lanthanides accumulated in different organs varies widely with the progress Of different stages in diseases/1/. Webster/2/reported much higher lanthanide accumulation in infracted cardiac tissues, as compared to the normal ones, as early as in 1965. Esposito and coworkers could locate dramatic upward changes of lanthanide level in the synovial fluid of patients suffering from rheumatoid arthritis of the joints/3,4/. This observation led these workers to propose that lanthanides are "excellent markers" for the "diagnosis and prognosis" of cancer in bones. The lanthanide accumulation has been systematically examined in spleen where it is found that lanthanide level showed regular variation with different degree of infection of the organ in alcoholic persons. Their findings were later on extended to the investigations on liver occurrence of lanthanide, because liver is among the organs which shows great preference for lanthanide accumulation. Their findings suggested that liver which showed great propensity for lanthanide accumulation is damaged and hence becomes less elective in sequestering lanthanides in humans with prolonged alcoholic addiction. This therefore led to significant spilling of lanthanide over spleen, the organ which has a large accumulation of reticuloendothelial cells like liver and hence one could explain higher levels of lanthanides in the spleen of alcoholic persons. The concentration of lanthanides in malignant laryngeal tissues was found to be significantly lower than the normal ones; however, no noticeable lanthanide could be detected in erythrocytic lysate from patients suffering from malignancy of laryngeal tissues/3/. The concentration of lanthanide showed a dramatic spurt (up to 12 fold) in patients with laryngeal carcinoma than that found in normal persons/5,6/. Ln(III)L LnL (external surface)
Both steps (1) and (2) must be followed by a passage of the captured Ln(lll) deep into the cell:
The above changes are necessary for the entry of Ln(lII) inside the cell. The metal uptake on the cell membrane and strong attachment to the external surface of the bilayer cell membrane can be due to phosphate, which forms strong Ln(IIl) complex through polar phosphate end as given in Fig. 1 . Lecithin (phosphatidyl choline) being the most prominent phospholipid biomembrane, forms 1:2 complex with Ln(III). As we have explored the complexation of mononucleotides with paramagnetic lanthanide using nucleotide, mono-, di-and triphosphates, in aqueous and in aquated organic mediums at pH as low as 1.00 to as high as 6.5, using 4f-4f transition spectroscopy tH NMR and 31p NMR spectroscopy. We have found that different lanthanides showed different stability of Ln-mononucleotide complexes. The nature of the nucleoside moiety and the number of phosphate groups significantly affected the degree of complexation. The size of Ln(lll) ion also played an important role.
Comparative absorption spectroscopy, involving electric dipole Lapporte forbidden 4f-4f transitions, have shown that different mononucleotides showed different affinities towards Ln(lll). In general the binding of Ln(lll) with nucleotides derived from pyrimidine bases is weaker than the binding of Ln(lll) with nucleotides derived from purine bases, irrespective of the nature of the experimental conditions. We have also observed that in aqueous medium lanthanide interaction with mononucleotides shows the presence of both syn and anti conformation. The increase in the organic solvent percentage resulted in the shift in the equilibrium towards Sndhindra N. Misra We attributed this to much improved absorption of the drug due to the presence of lanthanide coordination complexes/66/.
The complexes of lanthanides are getting more and more applications in cancer therapy and the most important of these are those derived from poly (aminocarboxylic) acids. The formation constants of the lanthanide chelates with these acids are of the order of 1020 to 1025, which enables them to remain intact, while diffusing into extracellular spaces with rapid clearance through kidneys. Due to the high thermodynamic stability and extreme kinetic inertness of these poly (amino carboxylates) of Ln(lll), the intact excretion enhances, thereby lowering considerably the body retention of chelated Ln(lll) complexes.
These days diagnostic imaging procedures/67, 68/are a routine part of modern medicine and are useful in performing the initial diagnosis, the planning of the treatment and post treatment evaluation.
Coordination Compounds 6. Ln(lll)COMPLEXES BASED X-RAY CONTRAST IMAGING
Even with the recent phenomenal growth of magnetic resonance imaging (MRI) and ultrasound procedures, X-ray imaging studies remain even today the workhorse of modern radiology. Currently 75-80% of all diagnostic imaging procedures, as listed in Table 2 , are X-ray related/68-73/. DO(EN)2A (Fig. 4) is one among many examples illustrating the remarkable flexibility that has been achieved for modification of structure of cyclen. The kinetic inertness and thermodynamic stability of new and modified DOTA ligands are of the utmost importance, since stability affects directly the toxicity of the Gd(lll) chelates. DOTA itself forms exceedingly stable lanthanide chelates, presumably because of the tetra-aza cycle which is able to adopt its most stable conformation, a square conformation, in which all lone electronic pairs of nitrogen are directed toward metal ion. The kinetics, of formation and even more remarkably, of dissociation are extremely slow, which is a unique feature in the coordination chemistry of 4f elements.
Since during the progress of disease, the water contents in the tissue show remarkable variation, NMR signals are related to the water content in the tissues when MRI is being investigated. The increased number of coordinated water molecules found in the contrast enhancing agent makes better contribution towards much improved delineation of tissues during imaging. A large number of Gd(III) chelates have been synthesized and used as contrast agents in clinical trials. Fig. 8 .
The ligands 16 DTPA-PAM, 16 DTPA-HPAM or 17 DTPA-BAM (Fig. 9) can wrap around the metal center, which lead to the formation of mononuclear structure with tervalent Ln(lll). The geometry around metal centre is TTP with amide sitting in a syn configuration. From the above equation one can easily infer that if the water exchange rate is fast enough such that rm << Tim, then the relaxation rate enhancement for the coordinated solvent molecule is (l/Tm). The above equation clearly demonstrates that increasing the hydration number q, will increase the inner sphere relaxivity. However the increase in q often leads to a decrease in thermodynamic stability as well as kinetic inertness. NMRD (nuclear magnetic relaxation dispersion) or the measurement of relaxation rates as a function of magnetic field, is widely used for characterizing contrast agent /90/. Electronic relaxation parameters are often estimated using NMRD curves to SBM (Solomon-Bioembergen-Morgan) equation.
Coordinatively saturated Gd(III) complexes also enhance relaxivity which occurs via outer sphere relaxation and second sphere relaxation as shown in Fig. 13 .
Second sphere relaxation occurs when water molecules in the second coordination sphere (H-bonded to lone pairs on carboxylate oxygen atoms), are relaxed via a dipolar mechanism. Outer sphere relaxation arises from the translational diffusion of water molecules near the Gd(lIl) complex/103-105/. The water exchange rates for Gd(Ill) chelate (CA) has been found to be significantly lower (3 to 4) orders of magnitude than that shown by [Gd(H20)8]3+. The water exchange rate also varies from one contrast agent to another/106-107/.
Merbach and coworkers /8/ have investigated the contrast agents which are binuclear and trinuclear or even multinuclear chelates (Fig. 14) . b) the ability of MRI to image, body directly in the sagittal and coronal planes as well as the axial plane, c) the ability to vary the level of contrast between the tissues by manipulating the MR! pulse sequence parameters, d) the lack of artifacts from beam hardening effects, and e) the capacity to image in presence of metallic hardware (specially effective for musculoskettal imaging) MR! of the musculoskeletal system currently appears to hold the greatest promise in five major areas. 1) the noninvasive imaging of spine and disc diseases, 2) the early detection of osteonecrosis of the femoral head, 3) the evaluation of the extent and tissue characteristics of musculoskeltal tumors, 4) the assessment of focal and diffuse marrow replacing processes, and 5) the depiction of articular and periarticular structures out of several imaging techniques, the spin echo (SE) technique being most handy and prevalent worldwide. This technique yields gray scale anatomical images in which the intensity of a tissue is a complex function of T, T2 and spin density of that tissue.
The relative magnetic resonance Gray scale for body tissue in general is shown in Table 3 . By varying the pulse sequence, no doubt one can markedly vary the contrast between two tissues.
The brighter the image (higher proton density), the shorter is the T and/or the longer is the T2. The darker the image (lower proton density), the longer is the T and/or the shorter is the T2. 
EVALUATION OF CENTRAL NERVOUS SYSTEM
At Vanderbilt, a good number of patients with intracranial neoplastic disease were studied on MRI, both prior to and following intravenous injection of 0.1 mmol/kg of Gd-DTPA in phase I, phase II and phase clinical investigations. Extensive clinical and laboratory testing were performed before and after CA injection. Serum iron level showed upsurge transiently following injection. However, this serum iron level later on (after 10-40 hrs) had begun to return towards normal and perhaps most noticeable was the total absence of nausea or vomiting associated with the injection of the contrast media. The doses required for required contrast enhancement were about twenty fold lower dose of Gd-DTPA when compared to conventional X-ray contrast agent. No statistical ECG or EEG changes were obtained. Ring enhancement was observed in large tumors with a necrotic centre. Meningiomas typically demonstrated excellent enhancement, classically homogeneous throughout the lesion.
in screening for extra-axial tumors, the use of GdDTPA or other Gd(IIl) based contrast agent is mandated. Extra-axial tumors, of which meningiomas and acoustic neuromas are common examples, display contrast enhancement on the basis of vascularity. These contrast agents are very useful for other neural origin Coordination Compounds tumors by remarkably increasing conspicuity. Improved depiction of intra-axial neoplasia with Gd contrast agents, relies mainly upon identification of blood-brain-barrier (BBB) disruption. With primary tumors of glial origin the extent of BBB (blood-brain-barrier) disruption is clearly identified on MRI. Tumor cells are commonly demonstrated on pathology beyond the border of contrast enhancement. However in both children and adults the contrast administration provides better identification of bulk of lesion and thus can serve as a guide for stereotaxic biopsy. Enhancement patterns remarkably improved diagnostic specificity.
When compared with computed tomography, the ability to depict contrast enhancement is far superior on MR. Enhancement on CT is due to increased attenuation of the x-ray beam, and thus only depends on concentration of the reagent. With MR, enhancement depends both on concentration of the paramagnetic CA and on intrinsic relaxation properties of the tissue. The influence of tissue parameters on enhancement together with the absence of beam-hardening artifacts presumably account for superiority of MR over CT in the depiction of contrast enhancement.
CHELATED Ln(lll) COMPLEXES SHIFT-REAGENTS AIDED 23Na NMR SPECTROSCOPY IN CELLULAR, TISSUE AND WHOLE-ORGAN SYSTEMS
Non destructive observation of intracellular sodium (Na) levels is of the utmost clinical and biochemical importance. In viable cells, a 10-to 20-fold concentration gradient between Na (intracellular sodium ion) and extracellular sodium ion (Nao) is mentioned. Deviation from this gradient is an important indication of detrimental processes. There it becomes a valuable parameter for assessment of cell viability and reversibility of normal function following damage, e.g., an ischemic insult.
Via the various sodium transport mechanisms (Na+-H / antiport, Na/-Ca ++ exchange, Na+-K ATPase and others), sodium levels and fluxes have an important role in the regulation of intracellular calcium levels, and therefore of cellular function. In muscle cells, e.g. in the myocardium, changes in intracellular sodium ion levels are coupled with contractile function. Real-time, nondestructive monitoring of Nai, therefore, proves a powerful research tool enhancing our biochemical understanding of cellular processes in a healthy and diseased person. Since the methodology of this technique appears to be quite safe, its clinical use definitely would offer in vivo markers of localized variation in tissue viability.
23Na is a relatively sensitive (much more than 31p) NMR-observable nuclide, and therefore the intrinsic noninvasive character of NMR could be utilized to achieve the goals described above. Unfortunately, however, the frequency positions (chemical shifts) of intra-and extracellular Na are identical. Together with the fact that total tissue quantity of Nao is much larger than Na, this precluded NMR observation of Na by NMR. Elgavish NMR spectroscopy/127/ (Fig. 18 ).
Despite this disadvantage Dy(PPP)27 has two major advantages, (i) its large induced shift which produces excellent spectral resolution and (ii) its simple spectrum, i.e., two resonance, a truly unshifted Nai and an upfield shifted Nao signal . 
APPLICATION OF LANTHANIDE COMPLEXES IN AQUEOUS SOLUTION ESPECIALLY WITH BIOLOGICAL RELEVANCE
There has been much interest in the use of lanthanide complexes as shift reagents (S R) in NMR to effect spectral simplification and resolution enhancement. Lanthanide complexes, especially in solution, continue to be used as paramagnetic probes in biological studies to gain structural information on proteins, nucleotides and amino acids/134-136/. There has been an increasing interest in the application of lanthanide coordination complexes in molecular recognition and chirality sensing of biological substrates. The chirality occupies the nucleus in such studies of molecular basis, biological and artificial chemistry, and is manifested by natural products: proteins, nucleic acids, sugars, polypeptides, hormones and antibiotics and also by drugs, food and other synthetic chemicals. Since these substances often exhibit specific activity and functionality, depending on their chirality, methods are being developed for determination of absolute configuration of chiral substrates and separation of their enantiomers. The tris (13 diketonate) of lanthanides in particular (Pr 3+ and Eu3+) exhibited further interesting molecular recognition properties upon highly coordinated complexation with substrates like amino acids, polypeptides and even proteins by forming ternary negatively charged complex with anionic guest/137/ (Fig. 19) .
Amino acids and oligopeptides are the most fundamental substrates in biological and artificial processes. When these are targeted, the recognition and sensing require almost neutral pH (pH 6-7.5 (Fig. 20 a, b) highly chelating ligands, often the f-f bands, which otherwise were considered only negligibly sensitive, also gain substantial sensitivity towards coordination changes and hence termed pseudohypersensitive bands. The variation of intensities of different 4f-4f bands, when there is change in the structure and conformation of the lanthanide-biomolecular complexes, have been found a good way to monitor some isomorphous Ca Prof. Bunzli and Piguet have done extremely innovative and at the same time highly exhaustive work on lanthanide containing polymetallic functional assemblies. The fascinating expansion of ianthanide coordination chemistry and supramolecular chemistry has triggered practical successes in catalysis, biomedical analysis, clinical diagnostics and also some success in therapeutic medicine. The intrinsic chemical (Lewis acidity), magnetic and spectroscopic, mainly luminescence and to some extent 4f-4f transition spectral properties of these Ln(lll) ions, often not matched by those of other transition metal ions, make lanthanides privileged partner for the design of functionalized molecular species and materials especially when lanthanides are easily available commercially in highly pure form.
THE PERSPECTIVE FOR INTEGRATED PHARMACOLOGICAL ACTIVITIES OF LANTHANIDES
The cells respond to the attacking metal ions as a multiple target system, in which various reactions with various targets are organized to a sequence of events. The ultimate biological effect is actually the integrated effect of these events. Ji et al. /155/have given a nice account of the events that happen when Ln(Ill) ions attack a cancer cell and induce apoptosis, and this they consider as the core of the lanthanide potential as anticancer activity. Along with apoptosis, there are several synergic related effects, ROS scavenging, cell protection, cytoskeleton stabilization and also immunologic enhancement. They proposed that lanthanides role in affecting cancer involve the integrated synergic effect, as shown in Fig. 21 
